Pancreatic dermoid cysts represent a rare entity with 35 cases described in the world literature, including the present one. Pre-operative diagnosis is difficult, with definitive diagnosis usually taking place intra-operatively. We report the case of a 63 year old male with a symptomatic, 6 cm cystic mass in the body of the pancreas. The pre-operative evaluation suggested a cystic neoplasm, but was indeterminate as to whether the lesion was benign or malignant. The diagnosis of dermoid cyst was made intra-operatively with frozen section. Although the diagnosis could not be made pre-operatively this retrospective report highlights the difficulty in evaluating cystic pancreatic lesions by imaging and summarizes the current body of knowledge on this rare entity.
CASE REPORT
A 63-year-old man with a past medical history significant for non-insulin dependent diabetes mellitus and irritable bowel syndrome presented with vague pain in his lower abdomen and right flank region.
His abdominal exam was mostly unremarkable, with only mild tenderness upon palpation. Initial laboratory studies were within normal limits except for an elevated glucose level of 147 mg/dL (reference range: 60-100 mg/dL).
A non-contrast enhanced CT scan of the abdomen revealed a 5.7 x 5.1 x 4.1 cm cystic-appearing mass projecting cephalad and anteriorly from the body of the pancreas. The Hounsfield unit measurement of -1 suggested a cystic lesion ( Figure 1) . No adjacent inflammation, ductal dilatation, or adenopathy was seen and the bowel was unremarkable. Further laboratory studies revealed normal CEA level of 2.8 ng/mL (reference range: 0-5 ng/mL), but a slightly elevated CA 19-9 of 39 IU/mL (reference range: 0-37 IU/mL).
Endoscopic ultrasound (EUS) performed at an outside institution showed a 6 cm mostly hypoechoic lesion with some areas of hyperechogenicity ( Figure 2 ) and no internal flow. The pancreatic tail, head, and uncinate process were all unremarkable, as well as the common bile duct, gallbladder, and proximal pancreatic duct. No definite adenopathy was noted at the celiac axis origin or in any peripancreatic area. At the time of ultrasound four fine needle aspiration passes through the cystic mass revealed non-specific paucicellular specimens consisting mostly of benign tissue. The result of molecular testing for K-ras mutation and loss of heterozygosity (RedPath PathFinder TG®) on the cytology specimens was indeterminate. At this point the clinical differential diagnosis included cystic lesions such as mucinous cystadenoma and mucinous cystadenocarcioma as well as inflammatory lesions. Due to the symptoms of pain and the uncertain nature of the neoplasm the decision was made to resect the mass.
Gross pathological evaluation revealed a 6 x 5 x 5 cm membranous cyst wall with a ragged, reddish tan outer surface and pearly-white, flakey inner surface ( Figure 3 ). Received separately from the cyst wall was a 6 cm aggregate of flaky keratinous debris. Microscopically the cyst was lined by skin with sebaceous glands and the cyst wall adjacent to the portions of skin contained abundant lymphoid tissue ( Figures  4, 5) . The entire cyst wall was submitted for histologic evaluation and there was no evidence of malignancy within the cyst lining or the surrounding pancreatic tissue. The morphological features were consistent with a benign dermoid cyst of the pancreas.
Post-operatively the patient developed atrial fibrillation and insulin dependent diabetes mellitus and had a prolonged hospitalization secondary to post-operative ileus. Additionally, there was continued drainage from the J-P drains which suggested the possibility of a pancreatic duct leak. The drainage eventually seemed to decrease and the patient was discharged with the drain in place. However, four months later he returned with drainage that had increased significantly. A pancreatic-peritoneal fistula was suspected and an endoscopic retrograde cholangiopancreatographic procedure was performed with pancreatic sphincterotomy and stent placement. The J-P drain was removed and the patient was discharged. Two months later the pancreatic stent was removed uneventfully and the patient has done well since that time with no evidence of recurrence (16 months post-op).
Teratomas are tumors that are composed of tissue derived from all three germ layers. They are divided into three categories: (1) mature (benign), (2) immature (malignant), and (3) monodermal or highly specialized. Most mature teratomas are cystic, and due to their preponderance toward ectodermal (skin and skin adnexal structure) differentiation are better known as dermoid cysts. However, in most cases, structures from other germ layers can be identified, such as cartilage, bone, and thyroid tissue. Immature (malignant) teratomas are rare tumors that differ from benign teratomas in that the component tissue resembles that observed in the fetus or embryo (including immature neuroepithelium) rather than in the adult. Lastly, the specialized teratomas are a rare group of tumors, the most common of which are struma ovarii and ovarian carcinoid. Struma ovarii is composed entirely of mature thyroid tissue while the ovarian carcinoid, presumably arises from intestinal epithelium in a teratoma [1] Dermoid cysts are thought to arise from the embryonic inclusion of skin, at the time of neural groove closure and therefore typically found lying along the midline [2] .These tumors are most commonly found in the ovaries and testes, but can theoretically be present in any location along the pathways of ectodermal cell migration. They are found mostly along the midline from the cranium, mediastinum, and retroperitoneum to the sacrococcygeal regions, typically in children [3] .
To our knowledge, the world literature reports 35 cases (including the present one) of pancreatic dermoid cysts with complete data. Therefore, we excluded from the present review the case presented by Lushpai [4] for incomplete presentation of clinical information. Also of note, the case described by Masson [5] in 1929 is simply a more detailed description of the same patient first described by Judd [6] in 1921. An overview of all past cases is presented in Table 1 .
Of 35 cases of pancreatic dermoid cyst, 20 were male and 15 were female. The mean age of reported patients was 36.4 years (range 4 months to 74 years old). All but five patients were symptomatic [7] [8] [9] [10] and in the symptomatic patients, the most common presenting symptoms were abdominal or back pain. In the pediatric subset of patients, vomiting was actually the most common symptom and was seen in four out of a total of eight pediatric cases [11] [12] [13] [14] . The most common physical exam findings in all age groups were a palpable abdominal mass and/or abdominal tenderness. The most common location of the mass was in the head and/or body, with only five cases identified as being wholly, or even partially within the tail [6, 13, [15] [16] [17] . Please see Table 2 for a summary of clinical aspects of pancreatic dermoid cysts.
The most common surgical procedure was simple excision (17 cases) followed by distal pancreatectomy (6 cases) and pancreaticoduodenectomy (5 cases) and one case of partial cystectomy [18] . There were four cases of external drainage, with or without marsupialization, and one case of internal drainage via cystogastrostomy. Overall, most patients for which follow-up data were available did well, with the most common complication being fistula formation. Of the three cases that had external drainage and had subsequent follow-up data available, two patients had developed a persistent fistula [19, 20] . There was no follow-up on the case in which internal drainage was performed, therefore the longterm outcomes in this case are unknown. One case in which pancreaticoduodenectomy was performed had a self-limiting fistula [21] and one case in which distal pancreatectomy was performed had a fistula with splenic infarction and abscess formation [22] . In summary, the treatment of pancreatic dermoid cysts has been variable, but good surgical outcomes have predominantly been achieved with simple cystectomy (excision), provided that the diagnosis can be established with certainty pre-or intraoperatively [17] .
The difficulty in pre-operative diagnosis of pancreatic dermoid cysts is well-emphasized in the literature. The presence of fat/fluid or hair/fluid levels is considered pathognomonic of dermoids in other locations, but their presence occurs in only a minority of cases [23] . The case report by Markovsky et al. [24] is commonly cited as having pre-operatively diagnosed a dermoid cyst with the use of fine needle aspiration, but their paper does not explicitly state this. Only one case was diagnosed pre-operatively by imaging studies, which included CT scan, and showed characteristic fat/fluid levels [18] . Pathologic evaluation of the cyst in our case revealed abundant keratinous debris, but lacked significant components of adipose tissue or hair. Therefore, pre-operative radiologic diagnosis would have been difficult without these components to form the pathognomonic fat/fluid or hair/fluid levels. To further confound the issue, on EUS our case was predominantly hypoechoic, which differed from the description of dermoids that contain a predominant fatty component as being echogenic [17, 23] .
Additional difficulty in pre-operative diagnosis on imaging studies arises from the fact that the appearance varies depending on the proportion of tissue components present within the cyst [24] . On CT scans, dermoids are usually rounded, well-circumscribed, extremely hypodense lesions with a Hounsfield unit measurement of -20 to -140, in keeping with their lipid content [25] . The cystic material can have different consistency depending on the ratio of the various elements within the wall, and all the ectodermal contents may or may not be present in every patient [26] . The Hounsfield unit measurement demonstrated by our case (-1), essentially identical to water, has been reported in dermoid cysts at other locations, such as the ovary (-1.3 HU) [27] , however it is still outside of the usual fatty attenuation range. In the reports by Seki [9] (2 cases) and Ben Ameur [18] the Hounsfield units were specifically listed as +31.4, +36.9 and -17, respectively. Additionally, in the cerebellum there have been cases reported of hyperattenuating dermoid cysts with Hounsfield unit measurements as high as +89.9 [26] . The authors of this case of a cerebellar dermoid cyst biochemically analyzed the contents of the cyst to account for the unusual hyperattenuating features. Specifically, they measured its content of protein, calcium and cholesterol and found high protein and calcium, but very low cholesterol. They attributed the low cholesterol to the relative paucity of sebaceous glands found in the pathology and concluded that the high protein content was the reason for the increased radiodensity on CT. We conclude that our case had a radiodensity that was higher than normal secondary to a predominance of keratinous debris within the cyst and a relative paucity of sebaceous glands and material, as confirmed on the review of histologic sections.
Because of morphologic overlap at imaging, the accurate characterization of cystic pancreatic lesions can be difficult. An imaging classification system for these lesions has been proposed that is based on morphologic features of the lesion [28] . Pancreatic cysts can be classified into four subtypes: (a) unilocular cysts, (b) microcystic lesions, (c) macrocystic lesions, and (d) cysts with a solid component.
Pseudocysts are the most common type of unilocular cyst. Other less commonly encountered unilocular cysts include intraductal papillary mucinous neoplasms (IPMNs), unilocular serous cystadenomas and lymphoepithelial cysts. These lesions are differentiated from pseudocysts on the basis of a lack of clinical, laboratory and imaging evidence of pancreatitis. Communication of the pseudocyst with the pancreatic duct may be seen on CT, and this can also be seen in IPMNs. However, IPMNs demonstrate a narrow neck at the cyst-duct junction on CT. A unilocular macrocystic serous cystadenoma should be considered when there is a unilocular cyst with a lobulated contour located in the head of the pancreas [29] .
The only cystic lesion included in the category of microcystic lesions is serous cystadenoma. In 70% of cases, these benign tumors demonstrate a polycystic or microcystic pattern consisting of a collection of cysts (usually more than six) that range from a few millimeters up to 2 cm in size [30] . A fibrous central scar with or without a characteristic stellate pattern of calcification is seen in 30% of cases and, when demonstrated at CT or MR imaging is highly specific and considered to be virtually pathognomonic for serous cystadenoma [31] [32] [33] . The macrocystic or oligocystic variant of these tumors is very uncommon.
Macrocystic lesions include mucinous cystic neoplasms and IPMNs. Mucinous cystic neoplasms predominantly involve the body and tail of the pancreas [34] . Although peripheral "eggshell" calcification is not frequently seen at CT, such a finding is specific for a mucinous cystic neoplasm [35] . IPMNs are classified as main duct, branch duct (side-branch) or mixed depending on the site and extent of involvement. Main duct IPMN is not included in the discussion of pancreatic cysts, however side-branch or mixed types can have the features of a complex pancreatic cyst. Identification of a septated cyst that communicates with the main pancreatic duct is highly suggestive of a side-branch or mixed IPMN [36, 37] .
Cysts with a solid component may be unilocular or multilocular. True cystic tumors such as mucinous cystic neoplasms and IPMNs as well as solid pancreatic neoplasms associated with a cystic component or cystic degeneration are included here. Solid tumors associated with a cystic component include islet cell tumor, solid pseudopapillary tumor (SPT), adenocarcinoma of the pancreas and metastasis. Please see Table 3 for a radiologic differential diagnosis of cystic masses of the pancreas on CT, with pathologic correlates.
When cross-sectional imaging does not allow definitive diagnosis, EUS may provide additional useful information. This modality has the added advantage of allowing aspiration of the cyst contents and/or sampling of the cyst wall, for cytologic analysis, biochemical markers and tumor markers. For example, high viscosity of the cyst contents or the detection of extracellular mucin is indicative of a mucinous neoplasm [38, 39] . Also, analysis of the cyst fluid for amylase is used as an indicator of cyst communication with the ductal system. Therefore, amylase would be increased in pseudocysts and often in cysts associated with IPMN, but not in serous tumors or mucinous cystadenomas [28] . Tumor markers such as CEA, CA 72-4 and CA 19-9 have also been utilized to differentiate mucinous from non-mucinous lesions and to identify malignant cystic lesions, with varying sensitivities and specificities [40] . A CEA level greater than 400 ng/mL has been found to be a good predictor of malignancy in mucinous neoplasms [41] . Unfortunately, in our case these important lab investigations were not sent and might have allowed better characterization of the mass prior to surgery.
Although management of cystic pancreatic lesions is beyond the scope of this article, the patient in our case was appropriately taken to surgery due to presence of symptoms. Briefly, besides patient symptomatology, other factors that influence patient treatment include tumor histologic features, patient's age, surgical risk, and tumor size and location [28] .
The pathologic differential diagnosis should include all cystic lesions of the pancreas including pseudocysts, neoplastic cysts such as mucinous and serous cystadenomas, intraductal papillary mucinous neoplasms, and solid pseudopapillary tumors. Pseudocysts are known to lack a true epithelial lining as opposed to true cysts, which possess an epithelial lining. Mucinous cystic neoplasms are true cystic neoplasms lined by mucinous epithelium that are separate from the ductal system and also have cellular subepithelial stroma resembling the stroma of the ovary [42] . Serous, cuboidal, clear cells with uniform, round hyperchromatic nuclei indicate a serous cystadenoma, which can be either microcystic or macrocystic [43] . Mucinous epithelium lining a cystic lesion that is connected to the native ducts is characteristic of an IPMN [44] . The histologic features of SPT are distinctive, with degenerative pseudopapillae, loosely cohesive cells with grooved nuclei, and aggregates of large hyaline globules [45] . To delineate a dermoid cyst from a lymphoepithelial cyst one must recognize that the former presents epidermal appendages (such as hair follicles or sebaceous glands) while the latter does not [46] . Lastly, although no cases of malignant degeneration have been described it is important for pathologic evaluation of dermoid cysts to include complete sampling of the cyst wall in order to exclude the presence of immature foci (most commonly neuroepithelial type), as 7-10% of other retroperitoneal teratomas have been reported to be malignant [47] .
Cystic pancreatic lesions encompass a wide spectrum of non-neoplastic, benign, and malignant neoplasms and accurate characterization by imaging is made possible by adherence to imaging classification systems and management algorithms, which includes integration of laboratory and clinical data. Dermoid cysts are benign lesions most often seen in the ovaries and rarely in the pancreas, which frequently can be confidently characterized at imaging due to the presence of fat/fluid levels, hair, or teeth; however, lack of these features on imaging makes preoperative diagnosis elusive and highlights the limitations of imaging in certain circumstances. The image demonstrates a 6 cm mostly hypoechoic lesion with some areas of hyperechogenicity anteriorly. The pancreatic tail, head, and uncinate process were all unremarkable. No definite adenopathy was noted at the celiac axis origin or in any peripancreatic area. 
